Abstract. Domestic water scarcity is a growing problem worldwide. Thua Thien Hue Province in central Vietnam is an example of an area where water scarcity is being reduced under programs that supply centrally piped water to households. However, not all communes in Thua Thien Hue have piped water, and some areas of the province are still suffering from acute water scarcity. This research surveys households in three different communes in the province. The aim of the research is to explore how domestic water is perceived by local people, how it is used, and how it should be improved.
Introduction
For the purposes of this research, water scarcity is defined as a lack of easily accessible, clean water for domestic use. Around 900 million people worldwide currently suffer from water scarcity (UN-Water, 2008). There is a very close relationship between water scarcity and poor human health. Globally, lack of water or poor water quality causes deaths of thousands of people each day; and inadequate water and sanitation causes an estimated five million deaths every year (UN-Water, 2008; UNEP, 2002; WHO/UNICEF, 2000; Wolf, 1999). The United Nations Environment Programme (UNEP, 2010) emphasizes that water scarcity has the greatest impact on marginalized communities and those who lack political and economic power. Groups that are most affected by poor water quality include the poor in developed and developing countries, women and children.
Adequate access to clean water is recognized as a key issue in developing countries and receives a high priority for international aid. Water and sanitation are explicitly recognized as targets in the Millennium Development Goals, and target 10 is to "Halve, by 2015, the proportion of people without sustainable access to safe drinking water and basic sanitation" (MDG 7, target 10). There are many international organizations operating water-related aid programmes, including the World Bank, Asian, American and African regional development banks, the European Union, and UN agencies.
Despite large allocations of money and much work achieved under the Millennium Development Goals and other initiatives, water scarcity is worsening in many countries. The United Kingdom's Department for International Development (2005) has predicted that 3.4 billion people will be living in countries defined as waterscarce by 2025. Shiklomanov and Rodda (2003) state that in coming decades, most parts of the global population will have critical water supply problems.
Viet Nam has made significant progress in reducing water scarcity in rural areas, primarily by providing piped water schemes and building water supply infrastructure. However, a 2009 water sector review concluded that there is still more work to do, as '21 million rural people do not have access to a hygienic water supply' (ADB, 2009). To date, Thua Thien Hue province has 550,361 people who use water, of which 26% of the population use water from centralized water supply, an increase of 2.84% compared to 2007; the other water supply (wells, boreholes, rainwater tanks) built under the guideline "State and people working together" would meet the needs of clean water for 87,883 households.
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Study site and the data
Profile of study site
Thua Thien Hue province is located in Central Vietnam (Fig. 1) , bordered on the east by the East Sea and on the west by Lao PDR. The province has an area of 5,053 sq. km and is divided into nine administrative districts (including: Hue city, Huong Thuy town and 7 districts, Huong Tra, Phu Vang, Phu Loc, Phong Dien, Quang Dien, Nam Dong and A Luoi).
Thua Thien Hue province has relatively abundant water resources. However, these resources are unevenly distributed across its terrain, and water supplies vary from year to year and season to season. Water scarcity is occurring in some areas, especially in coastal and mountainous parts of the province. Access to adequate water supplies in some areas is currently being greatly affected by the exhaustion of traditional sources, such as wells and seasonal rivers. Access may be worsened by cyclical shortages in times of drought, increasing water pollution, increasing population leading to more demand, inefficient irrigation practices, more industrial water use and finally, a lack of resources to solve these problems. In this research, three different geographical regions are selected to conduct the study. Area 1 is Thuy Thanh commune in Huong Thuy town. Thuy Thanh is contiguous to Hue city and well equipped with piped tap water to almost every home. Area 2 is Binh Dien commune in Huong Tra district, a mountainous commune that does not have piped tap water. Instead, most households are supplied either by a gravity water system or by groundwater from dug wells. Area 3 is Hai Duong commune in Huong Tra district, a coastal commune contiguous to Tam Giang lagoon. The main water sources are rainwater; ground water supplied by drilled bores, and purchased bottled water.
The three communes selected to participate in the survey differ in various ways, including size, population, geographical situation, socio-economic status of households, nature of water supply, and range of water sources. Their populations are presented in Table  1 . This paper will compare water source characteristics of these three regions, as well as assessing their access to water sources and their preferences for domestic water use. 
The unit cost of water
The unit cost of water differs from one commune to another. Cost is dependent on the following objective conditions: which source of water supply is used, who supplies the water, who manages the water works, and where the household is located geographically. Some of the details are explained as follows:
In Thanh Thuy commune, households are spending on average 2,500 VND/m 3 (official price at the time survey) for the water that they use from the piped tap water supply from HUEWACO. However, each household is billed for a minimum of 4 m 3 /month, even if the household does not use that amount of water. Households have a habit of saving water and often take advantage of other sources of water (rainwater, river water, well water); thus most use about 2 -3 m 3 /month piped water.
In Binh Dien commune in the mountainous area, the cost is 3,500 VND/m 3 for households using piped gravity-fed water from the Center for Clean Water and Environmental Sanitation -Department of Agriculture and Rural Development (DARD). However, due to the unavailability of water in the pipe line much of the time in the higher terrain, households rarely pay full price for their water use. Households often pay about 20,000 to 30,000 VND per quarter; some of them do not pay because water was not available much of the time. For households using dug well water, the water is "free" but they must pay the electricity fee to pump water.
In Hai Duong commune, there is no piped tap water supplied by HUEWACO. Some of the households use piped water delivered from a borehole well by a private association with the cost of the water being in the range of 4,000 -5,000 VND/m 3 .
Some households use their own borehole well water and they must pay an electricity fee to pump the water. Other households use bottled drinking water and they pay 10,000 -12,000 VND for a 20-liter bottle of water that is equivalent to 500,000 to 600,000 VND/m 3 .
Fig . 2 shows the cost of different water sources. Please note that the cost of one cubic meter of bottled of drinking water is extremely high compared to the other sources and it is not shown in Fig. 2 . Additionally, natural sources (rain and/or ground waterborehole/drilled well) are considered free sources, even though some people pay electricity to pump this water to their house. 
Fig. 2. Proportion of households using different water sources in three communes

Data collection
Sample design and characteristics
The data were collected from a household-level survey conducted in March and April 2010. In each of the three communes, survey was conducted in three to five residential sites to ensure inclusion of a wide range of settlement and housing types, as well as diversity in the households' socioeconomic status and access to services. Seventy to eighty household respondents in each commune were recruited for the study. Households were selected randomly to ensure representative sampling. The interview was only conducted with household members over eighteen years of age.
In Thanh Thuy, 69 households were sampled in three residential sites. In Binh Dien, 80 households were selected in five sites, and in Hai Duong, 80 households were surveyed in three sites. Thus, a total of 229 households were interviewed from 11 sites in the three communes.
The average respondent and the "poor" in the sample Table 2 shows the summary statistics of key socioeconomic variables for the 229 households participating in the survey. On average, the respondent had a family size of five and about 80 percent of the respondents were female. All the respondents were rural residents, with household heads mainly occupied as farmers (27.1%), day laborers (10%), retired (8.7%) or fishermen (7.9%). There were also significant numbers of households headed by unemployed people (7.0%), foresters (6.6%) and traders (6.6%).
Respondents self-reported their income group compared to other people in their village to classify their household as "poor" versus "non-poor". In addition, surveyors classified their houses as "poor" and "non-poor" based on a range of observations, including the construction of the house and the presence of consumables including furniture. The self-classifications reported by the respondents were relatively consistent with the observations of the interviewers, as shown in Table 2 . 
Results and discussions
Water sources
Households surveyed in the three study communes use a wide array of primary water sources to meet their needs, as shown in Table 3 . Primary water sources were identified by household respondents as the household water that they drank the most. Fig. 2 shows the different water sources used as primary water sources in each of the communes under study.
Private in-house or in-yard piped connections are the largest single group, with nearly 37 percent of the sample households using piped water as their primary source. This is lower than the percentage of people who have been estimated to use piped water over the whole province, as mentioned in the previous section.
In Thuy Thanh, almost all households used piped water as their main source. In Binh Dien, just over 60% of respondents used well water as their primary source, nearly 19% used gravity water, 10% bought bottled water and 10% used other sources, including using water from neighbor's or relatives houses. In Hai Duong, just over 40% of respondents used rainwater as their primary source, 25% bought bottled water, nearly 19% used other sources, and nearly 14% used bore hole water. Table 4 shows different statistics about water sources in the three communes. Some household respondents reported that they used up to five water sources over a 12-month period. However, questions were only asked about the water they used as primary and secondary sources. The following sections discuss data from the household questionnaires, including those shown in this table.
Per capita water use
Household respondents were asked to estimate their daily water use. Respondents using piped water were able to report their water use precisely, as it is metered, in cubic meters per month. Respondents with other water sources estimated their water use in litres per day or per month. All estimates were converted to liters used per capita per day.
For the aggregate sample, water use averages about 105 liters per capita per day (lcd). For households that have access to piped water, the average water use is 84 lcd. This can be compared to 144 lcd in households primarily using water from dug wells and 109 lcd in households mainly using rainwater. Further details are shown in Table 5 . It is apparent that the mean water use per capita for households having free sources (borehole, dug well) is higher than that of piped tap water supplied either from HUEWACO or from the private association. 
Households
Average water use (lcd)
Payment for water use 99
Payment for electricity to pump water (often reported as "free sources")
120
The reason for this difference in liters used per day cannot be seen in the data available. However, comments made by respondents during the interviews suggest strongly that the unit cost of water affects the behavior of the local people and causes them to economize water use in order to reduce the payment for their water. Even though people with "free" water sources often pay for power because they use electric pumps, as discussed in section 2.3, this cost is lower than paying for piped water and probably has less impact on the volume of water use. Other comments by respondents indicate that it is also possible that people in some communes wish to conserve water as a resource rather than 'wasting' it, and that they use less water due to this cultural preference.
Average daily water use of households paying for water use is 99 lcd while that for households using electricity to pump free sources of water is 120 lcd. This indicates that the mean water use per capita for households having nearly free sources (borehole, dug well) is higher than that of households using piped tap water supplied either from HUEWACO or from the private association. The difference in water use among these households is also a function of the direct cost (payment for water use) for the latter being easier to see and thereby control water use than the indirect cost (payment for electricity fee to pump water) for the former.
Water use by poor and non-poor
In total, poor households use less water than the non-poor. Specifically, the poor use an average of 69 lcd, compared to 113 lcd used by the non-poor households in these three communes; the non-poor use about 60 percent more water than the poor. Fig. 3 shows the sample distribution of per capita water use by household welfare level. Note that the sample distribution for poor households mostly falls in the lower range of water use while the non-poor are in the higher range. Moreover, the average water use of poor households never falls in the high range of 150 -500 lcd. 
Self-reported daily water use (lcd) Proportion of households (Percent)
Non-poor Poor
Fig. 3. Self-reported daily water use by poor and non-poor households
Water availability by source
In our sample, households reported that their primary source accounts, on average, for 27 percent of their total water use. At the same time, as many as 73 percent of the households in our sample report that they use two or more sources to meet their total water needs. Households need to use multiple sources for a variety of reasons. Their primary source may not be fully reliable; it may not provide the level of service that they require; and/or it may not provide the quality of water they need.
In Thanh Thuy commune, private piped connections are available in almost all of the houses. However, in summer, water pressure often drops, and water flow even stops during rush hours (in the morning from 6 -7 a.m., and in the afternoon from 5 -6 p.m.). Households face many inconveniences in their daily activities when there is not enough water to meet their needs at specific times. For example, some householders reported that in summer they had to get up at 3 am to collect the day's water.
Binh Dien commune is in a mountainous area, and piped gravity water is provided to most households on some main routes. However, gravity water does not reach higher terrain (it is only available, drop-by-drop between 2 -5 am) . Households also cannot drill bore holes as there is no available deep groundwater even at 12 meters because of rock layers that occur at a shallow depth. Thus, water can be very scarce in these areas and households living here must take advantage of other sources, including using water from a neighbor or relative if they have no water source of their own.
Piped tap water is not available in Hai Duong, so people there use many sources of water to meet their needs, such as dug wells, private piped connections from the private local association bore (borehole at the sand dune), bottled drinking water and rainwater. Rainwater is available only in the rainy season (usually September to December) while water from private piped connections is available only when the power is on. If the power is cut off all day or for more than two days, they will lack water because the electric pump does not operate to pump water from the borehole.
Customer satisfaction
Two questions were asked about the cost of water with relation to customer satisfaction. The first was whether the price of water was good or fair; and the second was if the respondent would use more water if it was cheaper. Our survey shows that nearly 58 percent of respondents thought their price was fair and that they wouldn't use more water if the price dropped. It could be concluded that in the three communes, almost 42 percent are dissatisfied to some extent with the price they are paying for water. Using the same statistics, it was reported that approximately 44 percent of those using piped water as their primary source were dissatisfied with the cost. Comments recorded during interviews indicate that many households in mountainous and coastal areas who are dissatisfied with their current primary water sources must use them because they have no better water sources available.
The main complaint of people who have piped water as their primary source (supplied by COSUWA, Center for Environmental Sanitation and Clean Water, and private association) is the unreliability of water availability. According to their comments, water supplied by COSUWA and Center for Environmental Sanitation is available only drop-by-drop in rush hours or some hours of the day, or is sometimes not available most of the day or over several days. For people using dug well water, especially in the mountains, water often became scarce or dried up completely during the summer. The most common complaint about bore hole water in the coastal areas was of poor water quality. Some households felt that they had health problems because of bathing in the bore hole water.
Water quality was generally reported to be high, and 81 percent of all respondents reported that their water was of good quality. However, there is evidence that respondents thought of 'good quality' water and 'safe' water differently. This is because although more than 80 percent of respondents reported they had good quality water, 82.5 percent of all respondents still always treated their water at point of use to make it safe, and a further 13.5 percent of people sometimes treated their water for safety reasons. Point of use treatments were most commonly filtering and boiling.
Recent changes
Respondents were asked questions about what has improved in the last five years. The results are shown in Table 6 . For the three communes, the most common positive action has been awareness campaigns that have led to changes in the way the respondents used their household water. The next largest reported change is that more than 34 percent of respondents had received piped water in the last five years.
No respondents had received or made a new bore hole well recently, and very few had acquired new storage for rainwater. These improvements were undertaken in different ways. The largest proportion, approximately 28 percent, of these improvements was paid for by the households, with assistance from the government or the commune. Another 27 percent of improvements were paid for fully by the government. Respondents also reported some negative changes in the last five years. Just over 21 percent of respondents reported that their cost of water had increased enough to have a negative impact on them. Nearly 20 percent of respondents reported that the quality of their water sources had decreased in the last five years.
Overall, nearly 22 percent of all respondents reported that they planned to make new improvements to their water in the next five years. The data did not give exact reasons for each household's decision not to improve their water. However, some reasons listed in discussions were that they were satisfied with their current water source; they expected to see little economic benefit (combination of monetary costs and opportunity cost of time) in switching from current sources; or that they could not afford to make any improvements, even if they suffer from poor water quality or an unsatisfactory service experience.
About 21 percent of the households specifically do not want to improve their water system. Their reasons are: (a) they are satisfied with their current owned water system and/or (b) they said that they can not make any change to the public water supply system because this system is managed and controlled by government and private organizations.
Conclusions
This study finds that the current water supply situations in Thanh Thuy, Binh Dien and Hai Duong vary considerably. On aggregate, only about 37 percent of the households had access to private piped water connections, with most of these households occurring in Thanh Thuy commune. Unprotected dug wells and rainwater storage serve as the primary source for 33 percent of the households, the overwhelming majority (94 percent) of whom are in Binh Dien and Hai Duong communes. About 12 percent of the households rely primarily on bottled water, 18 percent have reported "other" water sources.
On average, water use is about 105 lcd. For households that have access to piped supply, average water use is 84 lcd, whereas the usage of households that use unprotected dug well water and rainwater is much higher, at 144 lcd and 109 lcd, respectively. In addition, there is a significant difference in daily water use between the poor and non-poor households; the mean per capita daily water use for poor and nonpoor households is 69 and 113 liters respectively.
The unit cost of water is different from one commune to another, depending on the following objective conditions: what the source of water supply is, who supplies the water, who manages the water works, and where the geographical location is.
The result is that 42 percent of the households surveyed are in some way not satisfied with the current price of their primary water source. The dissatisfied groups include 44 percent of those using piped water as their primary source. In addition, many of the households in mountainous and coastal areas depending on alternative sources are dissatisfied with either the reliability or the safety of their current primary water source, and gave high priority to the need for quality of water supply and improvement in water systems.
